Purpose Proximal humerus fractures in adults are approached with a high suspicion for potential associated glenohumeral dislocation. Axillary views of the shoulder can be painful and possibly even lead to dynamic angulation of the proximal humerus fracture. The incidence of associated glenohumeral dislocation in the paediatric population is unclear and it would be useful to determine whether children with proximal humerus fracture require specific axillary view imaging to rule out dislocation.
Introduction
Proximal humerus fractures account for approximately 2.2% of all paediatric fractures. 1 Glenohumeral dislocation in the context of a proximal humerus fracture is an uncommon but well-documented condition in the adult population. [2] [3] [4] A number of individual case reports confirm that fracture-dislocations of the shoulder can also occur in children. [5] [6] [7] [8] [9] In the adult population, it is common practice to obtain an axillary view in addition to the true anteroposterior and scapular-Y views in any patient with a proximal humerus fracture as a glenohumeral dislocation may not be obvious without such axillary view radiographs. 10 Given the potential for paediatric fracture-dislocations, there are similar recommendations to obtain an axillary view radiograph when a paediatric patient presents with a proximal humerus fracture. 11, 12 We are unaware of any previous study that has examined the incidence of glenohumeral dislocation in paediatric proximal humerus fractures. While the consequences of missing a shoulder dislocation are severe, obtaining an axillary view radiograph in a child with a proximal humerus fracture can be painful. In addition, this manouevre may cause the fracture to dynamically angulate further, potentially leading to additional imaging and reduction attempts (Fig. 1 ). An understanding of the incidence of paediatric fracture-dislocations could help guide a clinician to best balance thoroughness of evaluation with patient comfort and cost. To clarify this issue, we designed a retrospective chart review study to evaluate the prevalence of glenohumeral dislocations in children with proximal humerus fractures.
Materials and methods
A retrospective chart review study was approved by our Institutional Review Board on 21 March 2017 (IRB #03-17-11). The inclusion criteria included patients with proximal humerus fracture that were 17 years of age and younger at the time of the injury and that were evaluated for shoulder injury with radiographic views (anteroposterior, internal/external rotation views, scapular-Y view, axillary view) and/or advanced imaging (CT or MRI). The exclusion criteria were patients over the age of 17 years at the time of the injury, patients without a true proximal humerus fracture and patients with pathological fractures. Patients were also excluded if they had less than 21 days of follow-up. A patient search was run for all patients: 1) 17 years and younger; 2) seen between the dates of 01 In this study we defined a proximal humerus fracture as an extra-articular fracture near the proximal end of the humerus in which the width of the cortex at the site of the fracture was less than or equal to one-half the width of the cortex at its thickest point in the diaphysis.
We recorded each patient's gender, date of birth, mechanism of injury, date of injury, date of first medical encounter and of each subsequent encounter related to the humerus fracture and imaging modalities and views available at each visit. We also reviewed the written medical records from each visit to determine if there were any clinical indications of unusual pain or long-term complications suggesting an undiagnosed shoulder dislocation. Finally, we reviewed the patient's radiographic imaging to determine presence or absence of glenohumeral dislocation, size of humeral shaft and fracture displacement, angulation and classification (Salter Harris type I, Salter Harris type II, 13 all metaphyseal or other). Displacement, angulation and humeral shaft size were measured in anteroposterior and scapular-Y views, when available. Absolute values were used for all measurements.
Results
A total of 218 children were enrolled in this study with two patients having bilateral proximal humerus fractures, for a total of 220 fractures. The average age was 9.8 years sd 3.8. Demographics are listed in Table 1 . Overall, there were a variety of mechanisms of injury, with the majority being from falls (49.1%) or sports injuries (38.1%), most commonly football ( Table 2 ). Most of the fractures were entirely metaphyseal, making up 80.5% of the total number of humerus fractures observed (Table 3) . Mean absolute fracture displacement and angulation were 3.5 mm sd 5.8 and 16.8° sd 17.0°, respectively, in the anteroposterior view, and 4.2 mm sd 8.2 and 20.6° sd 18.1°, respectively, in the scapular-Y view ( Table 4 ). The majority of patients had isolated proximal humerus fractures, however, 12 (5.5%) of the patients had additional injuries, with a total of four distal radius fractures, three ulnar shaft fractures, one radius and ulnar shaft fracture, one humerus shaft fracture for an overall segmental pattern, one clavicle shaft fracture, one acromion avulsion fracture, The axillary view confirms that there is no glenohumeral dislocation but there appears to be dynamic angulation with the view that both causes the child pain and raises concern that the fracture may be more angulated enough to justify additional workup and/or treatment.
one proximal femur fracture, one metacarpal fracture and one great toe fracture.
Of the 220 paediatric proximal humerus fractures reviewed, radiologic evaluation showed no evidence of shoulder dislocation in any of the patients. On the initial visits, 146 had AP shoulder views, 135 had scapular-Y views, eight had transthoracic views, 25 had axillary views, one had a Grashey view, 100 had AP humerus views, and 101 had lateral humerus views. None of the patients had advanced imaging done on their first visit, and only one had an MRI on a subsequent visit. In addition to review of radiography, physician notes of initial visit and follow-up visits were also reviewed. All patients included in the study had at least one follow-up visit 21 days after the injury or later. Review of all physician notes revealed no mention of persistent pain or significantly limited range of motion to suggest missed dislocation in any of the children.
Discussion
Although clinical practice may differ from the general guidelines, review of the literature requires a full trauma series (including true anteroposterior, scapular-Y and axillary views) for thorough evaluation of a patient with a shoulder injury. 4, 11, 12 These recommendations exist because anteroposterior and scapular-Y views are not adequate to rule out shoulder dislocation in adults. While the consequences of missing a shoulder dislocation can be severe, the procedure required to obtain an axillary view in a paediatric patient with a proximal humerus fracture can be painful and cause dynamic angulation of the fracture (Fig. 1) . To our knowledge, no previous study has rigorously explored the association between proximal humerus fracture and shoulder dislocation in children.
This study found that dislocation of the glenohumeral joint is exceedingly rare in children with proximal humerus fractures, with none of the 220 humerus fractures showing evidence of a dislocation. Our patient population spanned both genders, some variation of ethnicities and a wide range of age at the time of the injury. Additionally, our patients were involved in many different mechanisms of injury, including high-and low-energy mechanisms. Given these findings, in paediatric proximal humerus fractures we recommend axillary views or advanced imaging to rule out glenohumeral dislocation only when there is a concerning mechanism of injury, particularly a high-energy accident such as a motor vehicle accident or sports injury, or concern for possible subluxation or dislocation on standard radiographic views.
The existence of paediatric fracture-dislocations of the shoulder has been well described in the literature, particularly in the form of individual case reports. [5] [6] [7] [8] [9] The children in these five case reports ranged from 2 to 11 years of age with a mix of high-and low-energy mechanisms of injury: a fall from 1.5 metres, 5 a fall down a 75-foot river embankment, 6 a fall from undisclosed height, 7 a fall from 8 and a fall from a ladder. 9 There were two each Salter Harris I and II fractures and one metaphyseal fracture, and the humeral head and glenoid were not articulating on the anteroposterior view in four cases, while in the fifth case the humeral head was notably inferiorly positioned with the physis inferior to the level of the inferior glenoid and dislocation confirmed with bilateral anteroposterior views of the humerus, [5] [6] [7] [8] [9] overall indicating that axillary imaging was not necessary to diagnose the dislocation.
This study does have important limitations. The literature describes paediatric fracture-dislocations of the shoulder as generally being associated with high-energy injuries. 11 Many of the patient injuries in this study would not qualify as high-energy injuries, thus making it less likely for fracture-dislocation to occur. However, the case reports that we are aware of did include low energy mechanisms, and this study provides useful information for when a child presents with a proximal humerus fracture of a milder mechanism. Given the retrospective nature of our study, the majority of children did not have axillary views or advanced imaging at the time of injury. However, all children had a follow-up at least 21 days after the injury occurred, and we suspect that a missed shoulder dislocation would be relatively obvious on clinical follow-up. In addition, all five case reports of proximal humerus fractures in the literature had clear signs of dislocation on the anteroposterior view with the humeral head visibly dissociated from the glenoid fossa.
In summary, this study has determined the incidence of glenohumeral dislocation in the context of paediatric proximal humerus fracture to be very low. Due to the rarity of fracture-dislocation of the shoulder in children, we hypothesize that an axillary radiograph is not necessary in every case of paediatric proximal humerus fracture as some authors recommend. 4, 11, 12 Instead, we recommend that a physician be selective in ordering an axillary radiograph in order to decrease exposure to radiation, limit patient discomfort and avoid possible risk of dynamic angulation of the fracture. In cases of a high-energy mechanism or concerning appearance clinically or radiographically in anteroposterior and scapular-Y views, clinicians should still consider axillary views or advanced imaging to rule out potential glenohumeral dislocation.
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